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Abstract
Latest Lattice results on D form factors evaluation from first principles show that the standard
model (SM) branching ratios prediction for the leptonic Ds → ℓνℓ decays and the semileptonic SM
branching ratios of the D0 and D+ meson decays are in good agreement with the world average
experimental measurements. It is possible to disprove New Physics hypothesis or find bounds over
several models beyond the SM. Using the observed leptonic and semileptonic branching ratios for
the D meson decays, we performed a combined analysis to constrain non standard interactions
which mediate the cs¯ → lν¯ transition. This is done either by a model independent way through
the corresponding Wilson coefficients or in a model dependent way by finding the respective bounds
over the relevant parameters for some models beyond the standard model. In particular, we obtain
bounds for the Two Higgs Doublet Model Type-II and Type III, the Left-Right model, the Minimal
Supersymmetric Standard Model with explicit R-Parity violation and Leptoquarks. Finally, we
estimate the transverse polarization of the lepton in the D0 decay and we found it can be as high
as PT = 0.23.
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I. INTRODUCTION
In spite of the Standard Model (SM) success, now favored by the probable recent dis-
covery of the Higgs boson [1, 2], the search of a more fundamental theory at an energy
scale much bigger than the electroweak scale is still open. Interestingly, low energy scale
experiments may shed some light in the search for such fundamental theory due to their
possibility of getting high statistics and hence indirect observables of New Physics (NP). We
will use D meson decays as an illustration. Contrary to B meson physics, charmed hadronic
states are in the unique mass range of O(2GeV), which allows for strong non perturbative
hadronic physics [3]. Moreover, the calculations for the relevant form factors, which param-
eterize all QCD effects within the hadronic state, have been improved significantly reaching
a remarkable precision [4–6]. The SM predictions for the D meson leptonic and semileptonic
decays relies on the lattice QCD estimates of the form factors, and appear to be in agreement
with the world average experimental measurements [6], allowing us to disprove New Physics
hypothesis or find restrictive bounds over several models beyond the SM.
At low energies, most of the extensions to the Standard Model reduce to an effective four
Fermi interaction, usually called Non Standard Interaction NSI, that can be parameterized
by a generic coefficient (Fig. 1). For the ∆C = ∆S leptonic and semileptonic D meson
decays, the new particle state should couple to the leptons and the second generation of
quarks, leaving such effective interaction. Any kind of intermediate state, such as scalars,
vectors or even tensors, are allowed. Examples are the Two Higgs Doublet Model Type-II
(THDM-II) and Type III (THDM-III) [7], the Left-Right model (LR)) [8–12], the Minimal
Supersymmetric Standard Model with explicit R-Parity violation (MSSM- R) [13, 14], and
the Leptoquark model [15, 16], also illustrated in Fig. 1.
Non Standard interactions from a model independent approach had been considered and
constrained with Ds leptonic decays [19, 20], and independently, using semileptonic decays
[20, 21]. In this work we make a model independent analysis and a model dependent analysis
in order to constrain NSIs combining the leptonic and semileptonic decays of the D meson.
We use the latest Lattice results on the form factors[6] which have reached a significant
precision. We show the usefulness of the model independent constraints as well as specific
cases when a model dependent analysis is needed. The q2 distributions for theD+ → K¯0e+νe
and D0 → K−e+ν decays, which are expected to be sensitive to new physics, are also
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FIG. 1: Generic charged current non standard interaction between two quarks and the leptonic
sector. Some Feynman diagrams for models beyond SM involving the cs¯ → lν¯ transition involved
in D meson decays are shown.
considered. Using the respective bounds for the Wilson coefficients, we compute as well
the transverse polarization of the charged lepton in the semileptonic decay of the D meson.
This T violating observable has not been measured but may provide significant constraints
over the complex character of the new physics parameters, as in the case of the B meson
semileptonic decay [17] and other meson decays [18]. The paper is organized as follows: In
Section II we describe the general effective Lagrangian for the semileptonic transition c→ s
when non standard interactions are included and show the theoretical branching ratios and
the transverse polarization of the D meson semileptonic decay. In Section III we show the
experimental constraints over the Wilson coefficients, and the theoretical predictions for
the transverse polarization of the D meson semileptonic decay. In Section IV we constrain
the relevant parameters of the THDM-II and THDM-III, LR, and the MSSM- R, and the
leptoquark model. In Section V we give our conclusions and comments over the relevance
of these bounds.
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II. NON STANDARD INTERACTIONS AND RELEVANT OBSERVABLES
A. Effective Lagrangian below the electroweak scale
The search of new physics effects in the leptonic and semileptonic processes of mesons
has two sources of uncertainty that can not be separated; the non perturbative long-distance
forces that bind quarks forming hadronic states and the determination of the free parameters
of the SM, i.e. fermions masses and CKM matrix elements. The non-perturbative QCD ef-
fects are parameterized introducing form factors. On the other hand effective couplings that
correspond to short distance interactions could receive non-standard contributions. Hence
flavour-changing meson transitions in the SM have at least two scales involved, the elec-
troweak scale that is responsible of the flavour changing and the scale of strong interactions
[22]. When NSI are considered, we assume that the new physics energy scale is higher than
the electroweak scale, thus the operator product expansion formalism (OPE) [23] is suitable
since it allows the separation between long-distance (low energy) and short-distance (high
energy) interactions. In the OPE the degrees of freedom corresponding to higher energies
scales are integrated out [24], resulting an effective Lagrangian where all high energy physics
effects are parameterized by Wilson’s coefficients, namely the effective couplings multiplying
the operators of the Lagrangian. In this spirit, the non-standard effective Lagrangian for a
semileptonic transition as the one illustrated in Fig. 1 is:
− LNP
GF
=
∑
c,s,ℓ,ν
I=S,V,T
P1,2=L,R
CI,P1P2q1q2ℓν (q¯1Γ
IP1q2) · (ν¯LΓIP2ℓ) , (1)
where the indexes q1 and q2 represent down-type and up-type quarks respectively, ℓ is the
charged lepton flavor and ν its corresponding neutrino. P1,2 represent the chiral projectors
L = (1− γ5)/2 and R = (1 + γ5)/2. Here, the current operators Γ’s are determined by the
Dirac field bilinears, namely: ΓS = 1, ΓV = γµ and ΓT = (i/2)[γ
µ, γν ]. The dimensionless
coefficients CI,P1P2q1q2ℓν have a clean interpretation: they are a measurement of how big can the
NSI be as compared to the SM current, since they are weighted by the Fermi constant GF .
This parametrization technique enables us to test NSI when the experiments reach certain
precision, and in particular to look for NP effects at low energies.
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B. NSIs in the D meson leptonic and semileptonic decays
The decay rate of Ds → ℓνℓ including the SM Lagrangian plus the NSI Lagrangian of eq.
(1), is thus given by
ΓDs→ℓν =
|GFfDs
(
M2Ds −m2l
) |2
8πM3Ds
|Vcsml+
ml(C
V,LL
scℓν − CV,RLscℓν )
2
√
2
+
M2Ds(C
S,RR
scℓν − CS,LRscℓν )
2
√
2(mc +ms)
∣∣∣∣∣
2
. (2)
On the other hand, in the rest frame (RF) of the decaying meson, the partial decay rate
for the D0 → K±l∓ν decay channel with non standard interactions is given by
dΓD→Kℓνℓ
dEK
=
G2FmD
√
E2K −m2K
(2π)3
{
(E2K −m2K)
2q2 +m2ℓ
3q2
∣∣GV f+(q2)∣∣2
+
(
−|GT f2(q2)|2 q
2 + 2m2l
3
+mlGV f+(q
2)G∗Tf2(q
2)
)(
E2k −m2K
m2D
)
+
|(m2D −m2K)qf0(q2)|2
4m2D
∣∣∣∣mℓq2 GV + GSmc −ms
∣∣∣∣
2
}(
1− m
2
ℓ
q2
)2
, (3)
where in the later expression we have defined GV = V
∗
cs + (C
V,LL
scℓν + C
V,RL
scℓν )/2
√
2, GS =
(CS,RRscℓν + C
S,LR
scℓν )/2
√
2 and GT = (C
T,RR
scℓν + C
T,LR
scℓν )/2
√
2. Other constants involved in Eqs.
(2, 3) are: GF the Fermi constant, V
∗
cs the CKM matrix element, mℓ, mc, ms, mK , mDs, mD
the masses of the leptons, charm and strange quarks, the Kaon and D meson respectively as
reported by PDG [27]. The transferred energy is q2 = m2D+m
2
K−2mDEK and EK is the final
energy of the Kaon meson. Its allowed energy is mK < EK < (m
2
D +m
2
K −m2ℓ)/2mD. The
decay constant fDs in the leptonic decay rate is defined by 〈0|s¯γµγ5c|Ds(p)〉 = ifDspµ. In
the semileptonic decays, the scalar and vectorial form factors f0(q
2) and f+(q
2) are defined
via 〈K|s¯γµc|D〉 = f+(q2)(pD + pK − ∆)µ + f0(q2)∆µ, with ∆µ = (m2D − m2K)qµ/q2, and
〈K|s¯c|D〉 = (m2D −m2K)/(mc −ms)f0(q2).
C. Transverse polarization including NSIs
The transverse polarization of the charged lepton in the decay D → Klν is a sensitive
T-violating or CP violating observable when CPT is conserved. This observable was first
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computed in the semileptonic decay K+ → π0µ+ν as a useful tool for studying non standard
CP violation [25, 26] . In fact, within the SM, this transverse polarization is identically zero.
Therefore, a non zero value is a clear signal of new physics. Given the similarities with the
K+ decay, we can compute the transverse polarization for the semileptonic decay of the D
meson D(p)0 → K∓(k)ν(p1)l(p2)±. The transverse polarization is given by
P ST =
|AST |2 − |A−ST |2
|AST |2 + |A−ST |2
(4)
where S represents the spin of the lepton. In general, one measures the spin perpendicular
to the decay plane defined by the final particles [18]. Thus in order to have a non zero effect
the transverse polarization should be proportional to ǫαβγδpαp1βp2γSδ, where p1 and p2 are
the 4-vectors of neutrino and charged lepton respectively. Given that Sµ = (0, s)
T , with s
perpendicular to the decay plane, the polarized amplitude can be written as
|AST |2 =
1
2
|AD→Kℓνℓ|2
+8G2F ǫ
αβγδKαSβp1γp2δ
[
f+(q
2)f0(q
2)
M2D −M2K
mc −ms Im(GVG
∗
S)
+ f2(q
2)
(
(f0(q
2)− f+(q2))(M2D −M2K)(1− 2
p2 · q
q2
)
+ f+(q
2)
q ·Q− 2p2 ·Q
MD
)
Im(GVG
∗
T )
+ f2(q
2)f0(q
2)
mℓ
MD
M2D −M2K
mc −ms Im(GTG
∗
S)
]
, (5)
here Q = p + k and q = p − k. With this, we can construct the transverse polarization
averaged over the charged lepton energy. To calculate the averaged transverse polarization
we have integrated over the charged lepton energy. Thus this observable can be written in
the decay frame of the D meson as
〈P ST 〉 =
G2FM
4
D
4π3
(
dΓ
dEK
)−1{
f0(q
2)f+(q
2)
M2D −M2K
MD(mc −ms)g0(q
2)Im(GVG
∗
S)
+ f2(q
2)f0(q
2)
mℓ
M2D
M2D −M2K
mc −ms g0(q
2)Im(GTG
∗
S)
+ f2(q
2)
[
f0(q
2)
m2ℓ
M2D
(M2D −M2K)
q2
g0(q
2) + f+(q
2)
(
g1(q
2)
− m
2
ℓ + q
2
M2D
(M2D −M2K − q2)
q2
g0(q
2)
)]
Im(GTG
∗
V )
}
(6)
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TABLE I: Theoretical and experimental branching ratios
i Decay Theoretical BR Bthi Experimental BR Bexpi
1 D0 → K−e+νe (3.28 ± 0.11)%. (3.55 ± 0.04)%
2 D0 → K−µ+νµ (3.22 ± 0.11)% (3.30 ± 0.13)%
3 D+ → K¯0e+νe (8.40 ± 0.32)%. (8.83 ± 0.22)%
4 D+ → K¯0µ+νµ (8.24 ± 0.31)% (9.2 ± 0.6)%
5 D+s → τ+ντ (5.10 ± 0.22)% (5.43 ± 0.31)%
6 D+s → µ+νµ (5.20 ± 0.20) × 10−3 (5.90 ± 0.33) × 10−3
where we have defined the dimensionless kinematical functions
g0(q
2) ≡ 1
M3D
∫ Emaxℓ
Eminℓ
dEℓ|p1 × p2| , g1(q2) ≡ 1
M4D
∫ Emaxℓ
Eminℓ
dEℓEℓ · |p1 × p2| , (7)
with
E
max (min)
ℓ =
1
2
(mD − EK)
(
m2ℓ
q2
+ 1
)
± 1
2
√
E2K −m2K
(
1− m
2
ℓ
q2
)
. (8)
We can see that the leading contributions in New Physics are the scalar and tensor interac-
tions, i.e. at first order in C’s.
III. MODEL INDEPENDENT ANALYSIS AND EXPERIMENTAL CON-
STRAINTS
A. D meson decays measurements vs theoretical branching ratios
There are a number of measurable observables related to the D meson that might be
modified by NSI.Ds leptonic decays have been measured by a number of experiments, namely
CLEO [30] and Belle [31] among other experiments. Semileptonic decays, on the other hand,
have been observed with an integrated luminosity of 818pb−1 [34–36]. In particular, the q2
distribution for the semileptonic decays D+ → K¯0e+νe , D0 → K−e+νe has been measured
by CLEO [32],[33]. From those measurements it is possible to extract the lifetimes for the
mesons. They result to be τD0 = (410.1 ± 1.5) × 10−15 s, τD+ = (1040 ± 7) × 10−15 s, and
τDs = (500± 7)× 10−15 s. In summary, total branching ratios for semileptonic decays of the
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D0 and D+ and the world measured total branching ratios for the leptonic decays of the Ds
are shown in Table I.
The theoretical decay rates, on the other hand, ΓthDs→ℓν , Γ
th
D0→K+ℓ−νℓ
and Γth
D+→K¯0ℓ+νℓ
given
by eqs. (2,3) are computed by fixing all the Wilson’s coefficients to zero. We ignore all
radiative corrections since they are expected to be below the 1% [28].
Other relevant physical inputs needed for the SM computation of the theoretical BRs are:
1. The CKM element Vcs. As we are looking for New Physics, we have to be very careful
on the value of the CKM element we will use in our numerical analysis. In order
to avoid that leptonic and semi leptonic of D mesons have been used to fix the Vcs
value, we use the central value of the CKM element which comes from W → cs decay,
neutrino-nucleon scattering and unitary constraints coming from b − s transitions
relating |Vcd| and |Vcs| through unitarity. This last constraint gives the strongest
constraint. So our central value for Vcs is 0.97344 ± 0.00016 [29]. Using this unitary
constraint means that automatically our results will not apply to any model with more
than three fermion families.
2. Hadronic form factors. These are non-perturbative parameters calculated in specific
theoretical models. In particular Lattice QCD is a well-established method able to
compute the hadronic form factors from first principles, that has reached an excellent
precision [6]. Therefore, for our analysis, we fix the hadronic form factors and leptonic
decay constant to the value estimated with lattice QCD simulations. The leptonic
decay constant fDs has been computed with a precision of the order of 2% by the
HPQCD collaboration [4]. In order to compute the leptonic branching ratio we have
used the reported value of fDs = 248± 2.5 MeV [4]. On the other hand, less is known
about f0(q
2), f+(q
2). Dramatic progress has been made over the last decade on lattice
calculations of for those form factors [4–6]. We use the latest results by the HPQCD
collaboration [6] as input for the calculation of the theoretical decay rate.
The results for the theoretical BRs are listed in table I. with their corresponding un-
certainties. The total theoretical uncertainties are calculated straightforward: propagating
each uncertainty for every physical constant as reported in PDG[27], and the theoretical
uncertainties coming from the lattice QCD calculations of the form factors. The main
contribution in the theoretical error comes from the leptonic decay constant fDs and the
8
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FIG. 2: Partial decays measured by CLEO [33] and the theoretical partial decay computed with the
Standard model using the latest form factors from [6]. Grey region represents one sigma theoretical
error. Good agreement is observed
semileptonic form factors f+(q
2) and f0(q
2). The reported error in fDs induces a ∼ 4% error
in the theoretical leptonic branching ratio. Similarly, the reported error in the lattice deter-
mination of f0(q
2) and f+(q
2) leads to a ∼ 4% error in the theoretical semileptonic branching
ratio. Exact values are listed in table I. As already mentioned, world average measurements
of the total BRs as reported by PDG [27] are shown in Table I for comparison. In the same
way, the theoretical partial decays for the D0 → K+e−νe and D+ → K¯0e+νe and the CLEO
data points are shown in Figure 2. Note the good agreement between experiment and theory.
The BRs reported in table I are a pure theoretical prediction of the SM in the following
sense: Bth is computed using the SM Lagrangian only, since we have set all Wilson coefficients
to zero, and the form factors are computed from first principles using Lattice results[6].
B. Constraining real NSI
Let us assume that the new physics effects, are parameterized, as described in sec-
tion II, by the Wilson coefficients. In this first part of our analysis we suppose the
non standard physical phases are aligned with those of the SM in such a way that
in general we can consider the Wilson coefficients real. We compute the range of the
Wilson coefficients to exactly match the theory and the experiment. In order to do so,
we perform a simple χ2 analysis, with χ2 =
∑
i(Bthi − Bexpi )2/δB2i . Here, δBi is calcu-
9
4 pars. 95% C.L. χ2min/d.o.f 1 par. 95% C.L. χ
2
min/d.o.f
CV,LLscℓν [−.094, 0.42] 0.62 [0.072, 0.14] 0.89
CV,RLscℓν [−0.34, 0.17] 0.62 [0.057, 0.13] 1.29
CS,RRscℓν [−0.33, 0.21] 0.62 [−0.22,−0.21] ∪ [0.00, 0.13] 2.19
CS,LRscℓν [−0.23, 0.33] 0.62 [−0.012, 0.00] ∪ [0.20, 0.22] 2.17
TABLE II: Model independent constraints at 95% C.L. for universal non standard interactions
using leptonic and semileptonic D meson decays. We have fixed the leptonic decay constant and
semileptonic form factors to those estimated by lattice QCD. In the first column, four parameters
are allowed to vary at a time and in the third column, only one parameter is varied.
Flavor dependent scalar non standard interactions
95% C.L. ℜ+ χ2min
d.o.f
95% C.L. ℜ χ2min
d.o.f
CS,RRsceνe + C
S,LR
sceνe [0.32, 0.47] 1.05 [−0.47,−0.33] ∪ [0.32, 0.47] 1.05
CS,RRscµνµ [0.0, 0.27] 1.17 [−0.77, 0.25] 1.30
CS,LRscµνµ [0.0, 0.38] 1.17 [−0.63, 0.38] 1.30
CS,RRscτντ − CS,LRscτντ [−0.075, 0.175] 1.0
Flavor dependent vector non standard interactions
95% C.L. ℜ+ χ2min/d.o.f 95% C.L. ℜ χ2min/d.o.f
CV,LLsceνe + C
V,RL
sceνe [0.07, 0.14] 0.99 [0.07, 0.14] 0.99
CV,LLscµνµ [0.0, 0.22] 1.67 [−0.025, 0.255] 0.93
CV,RLscµνµ [0.0, 0.1] 1.67 [−0.19, 0.095] 0.93
CV,LLscτντ − CV,RLscτντ [−0.12, 0.28] 1.0
TABLE III: Model independent constraints at 95% C.L. for scalar and vector flavor dependent
non standard interactions from the leptonic and semileptonic D meson decays. We have fixed the
leptonic decay constant and semileptonic form factors to those estimated by lattice QCD. In the
second column, the Wilson coefficients are restricted to be positive. In the fourth column, the
Wilson coefficients are only restricted to be real numbers.
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lated adding in quadratures the experimental and theoretical uncertainties shown in Table I.
We shall consider first a combined analysis of the leptonic and semileptonic BRs and the
experimental data from CLEO assuming only scalar (S) and vector (V) NSI. An analysis
including all the New Physics operators at a time, scalar, vector and tensor, shows that
the tensor contribution is negligible as compared to the former operators. However we can
constrain the tensor interactions assuming that only the tensor operator is dominant, as we
show in the next subsection. Hence, the relevant parameters with the above considerations
are: CV,LLscℓν , C
V,RL
scℓν , C
S,RR
scℓν and C
S,LR
scℓν . Although this is a restrictive hypothesis, this analysis
is useful for models where no CP violating phases or models in which the phyiscal phases
are aligned with the CKM phase, e.g THDM-II or some specific MSSM- R as we will show
later. The results for the relevant Wilson coefficients, assuming these are flavor universal or
flavor dependent, are shown in tables II and III respectively.
• Flavor independent NSI Table II corresponds to universal NSI, that is, flavor inde-
pendent interactions. When we do not take into account the tensor interaction, we
are left with four coefficients: CV,LLscℓν , C
V,RL
scℓν , C
S,RR
scℓν and C
S,LR
scℓν . Notice that equations
(2,3) have a different dependence on the Wilson coefficients, hence, when combining
the leptonic decay rates and the semileptonic decay rates it is possible to extract a
bound for each parameter even if we analyze the four parameters at a time. We have
computed the allowed values for those universal coefficients at 95% C.L. by varying
the four parameters at-a-time, i.e. those are the most general cases, this is because
both scalar and vector universal NSI may affect the Brs. On the other hand, we have
also estimated the allowed regions by varying only one parameter at a time (right
column Table II), this is when only one lepton flavor independent NSI contributes to
the physical process.
• Flavor dependent NSI Some models may induce only vector, as well as only scalar
NSI at a time. As we will show in the next section, the left-right model or the two
Higgs doublet model are examples of each type of NSI, respectively. In those cases,
we can obtain the bounds for the corresponding Wilson coefficients. Those coefficients
may depend on the flavor of the lepton involved. Since we have only six Bthi s, we can
perform the χ2 analysis only if we assume scalar NSI or vector NSI at a time. In each
11
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FIG. 3: Universal scalar NSI, parametrized by the complex coefficients CS,rrscℓν , C
S,LR
scℓν , allowed from
D meson decays. Colored regions correspond to 68% , 90% and 95% C.L respectively
case, for the electron NSI, we use the channels i = 1, 3 and the CLEO data points
from the kinematic distribution, for the muon i = 2, 4, 6 and for the tau, only a fit
can be performed with i = 5; channel i as shown in Table I. Results for both cases,
scalar and vector flavor dependent NSI are listed table III. As we have mentioned,
those constraints can be applied to the THDMs. In those cases, Wilson coefficients
are positive. Hence, we have constrained Wilson coefficients either assuming they are
real positive numbers or just real numbers. We will show the effectiveness of those
constraints for specific models.
C. Complex Wilson coefficients
We shall consider now complex flavor universal Wilson coefficients. Many models of
New Physics introduce CP violating phases which are in general not aligned with the SM
CP violating phase, therefore we also analyze such scenario. Here, we assume that only
one non-standard operator is dominant besides the Standard Model operator, either scalar,
vector or tensor NSIs. This means we will take into account only one complex Wilson
coefficient at a time, i.e. two independent parameters for each operator. We consider again
a combined analysis of the leptonic and semileptonic BRs and the experimental data from
CLEO.
The model independent constraints at 68%, 90% and 95% confidence level are shown in
Figures 5,3,4. Contrary to the scalar or vector NSI, tensor NSI can not be separated from
12
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FIG. 4: Contrary to scalar or vector NSI, tensor NSI can not be separated from the unknown
form factor fT (0). Hence, we can only obtain the respective bounds for Re[fTGT ] and Im[fTGT ].
Colored regions correspond to 68% , 90% and 95% C.L respectively
the unknown form factor fT (0). Hence, we can only obtain the bounds for Re[fTGT ] and
Im[fTGT ], shown in Figure 4. In summary, the allowed regions at 95% C.L. are the following:
• vector NSI: χ2/d.o.f. = 0.96
− 0.5 < Re[CV,LLscℓν ] < 0.21, 95% C.L. ,
−1.63 < Im[CV,LLscℓν ] < 1.63, 95% C.L. ,
−0.9 < Re[CV,RLscℓν ] < 0.7, 95% C.L. ,
−2.1 < Im[CV,RLscℓν ] < 2.1, 95% C.L. . (9)
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FIG. 5: Universal vector NSI, parametrized by the complex coefficients CV,LLscℓν , C
V,RL
scℓν , allowed from
D meson decays. Colored regions correspond to 68% , 90% and 95% C.L respectively
• Scalar NSI: χ2/d.o.f. = 1.20
− 0.24 < Re[CS,RRscℓν ] < 0.23, 95% C.L. ,
−0.28 < Im[CS,RRscℓν ] < 0.28, 95% C.L. ,
−0.23 < Re[CS,LRscℓν ] < 0.26, 95% C.L. ,
−0.29 < Im[CS,LRscℓν ] < 0.29, 95% C.L. . (10)
We use the best fit points to compute the partial decays of the D meson, D+ → K¯0e+νe
and D0 → K−e+νe, and we show them in Figure 2, compared with the experimental data
and the Standard Model prediction. For those points we see there is better agreement with
the experimental data.
D. Transverse polarization estimation
As an application of our results we give a prediction for a T-odd observable, the transverse
polarization of the charged lepton for the decay D+ → K¯0ℓ+νℓ. This observable has not been
measured. We chose this semileptonic decay thinking the experimental measurement could
be done as in the case of the K+ meson, [18]. The K+ decays as K+ → π0ℓ+νℓ and the BR
of the π0 → γγ is BR(π0 → γγ) = 98.823± 0.034% [27], this allows for a clean distinction
of the angular distribution of the charged lepton, hence the transverse polarization. In our
case, the K¯0 decays with a BR of BR(K¯0 → π0π0) = 30.69± 0.05% [27], allowing possibly
for a distinction of the angular distribution of the charged lepton. In the SM it is identically
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FIG. 6: Estimated transverse polarization PT for the D
+ → K¯0ℓ+νℓ. the left figure shows the PT
when only scalar non-standard interactions are considered. The right figure is the PT when only
tensor non-standard interactions are considered. The largest value of PT allowed from the previous
constraints over the complex universal Wilson coefficients is PT = 0.23
zero which implies that a non zero value is a clear signal of new physics. As we performed the
analysis for the complex universal Wilson coefficients taking into account only one dominant
non-standard operator the transverse polarization (6) can only be computed for each case.
Furthermore, notice that if in the the transverse polarization (6) we only take into account
the vector contribution it will vanish. For these reason we show the only non-vanishing
transverse polarizations including New Physics integrated over all the kinematical allowed
region. The results are shown in Figure (6).
We can see in Figure (6) that there is little dependence on the real contributions of both
scalar and tensor non-standard interactions. The largest value of the transverse polarization
allowed from the previous constraints over the complex universal Wilson coefficients is PT =
0.23, which is not negligible.
IV. MODEL DEPENDENT ANALYSIS:
Let us consider now different models of New Physics. We perform a χ2 analysis in
a model dependent way by finding the respective bounds over the relevant parameters
for those models. In particular, we obtain bounds for the Two Higgs Doublet Model
Type-II and Type III, the Left-Right model, the Minimal Supersymmetric Standard Model
with explicit R-Parity violation and Leptoquarks. We show that under some simplifying
assumptions, the model independent constraints can be mapped to some particular models,
exemplifying the usefulness of this kind of analysis.
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A. Two Higgs doublet model (THDM):
It is one of the simplest and economical extensions of the SM, see[37, 38] for a review.
THDM introduces an additional scalar doublet that induces scalar charged currents (H±),
two neutral scalar fields and a pseudoscalar neutral field (h0, H0 and A0). For D meson
decays, the only two parameters involved are the new scalar mass (mH+) and the ratio
of the vacuum expectation values tanβ of the two Higgs doublets. At low energies, the
Lagrangian for THDM, in the Higgs basis for the charge scalars and the mass basis for
fermions, is given by [39]
− LH± =
√
2/vH+[Vuidj u¯i(muiXPL +mdjY PR)dj +
+ mℓZν¯LℓR] + H.c. (11)
with X, Y, Z functions of mH+ and tan β different for different versions of THDM, and the
Wilson coefficients will be given by
CS,RRscℓν
2
√
2
= V ∗cs
mℓmc
M2H
ZX ,
CS,LRscℓν
2
√
2
= V ∗cs
mℓms
M2H
ZY . (12)
In particular, THDM-II has Natural Flavour Conservation, namely the suppression of Flavor
Changing Neutral Currents (FCNC) at tree level, through a Z2 symmetry [40]. Interesting
bounds have been obtained with meson decay experiments [41] and recently LEP has re-
ported a lower bound on the mass of the charged Higgs of 80 GeV [43].
For THDM-II, X = cot β, Y = Z = tanβ. We perform a χ2 analysis using the 26 observ-
ables from the leptonic and semileptonic BRs and the kinematical distribution from CLEO.
The result is shown in Figure 7. We can see from this figure that D meson decays favor
lower masses for the charged Higgs at 90% C.L., however at 95%, there is good agreement
with LEP bounds.
Now we will illustrate the effectiveness of our model independent bounds, once we ap-
ply them to Wilson coefficients of THDM, eqs (12). There is a flavor dependence com-
ing from the mass of the leptons involved. Since this is an scalar interaction, we can
use the bounds on flavor dependent scalar NSI. From CS,RRscτντ − CS,LRscτντ we get the region
−1.8 × 10−3 GeV−1 < (mc −ms tan2 β)/M2H < 0.023 GeV−1 at 68% C.L., which gives the
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FIG. 7: Allowed regions for tan β and the mass of the charged Higgs to be consistent with the D
meson decays at 68% C.L., 90% C.L. and 95% C.L. obtained performing a complete χ2 analysis of
the BRs. Dashed lines are the limits at 90% C.L. using the bounds on Wilson coefficients (Table
III) showing good agreement. As a reference, the LEP limit on the mass of a charged Higgs is also
plotted [43].
outer region of an ellipse and the inner region of an hyperbole in the plane (mH , tanβ)
illustrated in Fig. 7. Those regions are in excellent agreement with the region obtained by a
complete χ2 analysis performed with all D meson decays. The allowed values for tan β and
m+H are plotted in Fig. 7 in a shadow gray area. This agreement illustrates the effectiveness
of using generic Wilson coefficient to constrain the relevant parameters of models beyond
the SM. A more complete analysis for the THDM-II model using different observables from
flavor physics has been done in [42]. Our aim in this work is not to compete with those
constraints, rather than illustrate the effectiveness of this type of generic analysis and to
show that semileptonic decays may shed complementary information.
For completeness, let us briefly mention the THDM-III case which can be analyzed im-
mediately by noting that the Wilson coefficients in this case correspond to the following
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definitions:
X = cot β − csc β√
2
√
2GF
m−1c
(
Y˜ u1,22 +
Vus
Vcs
Y˜ u1,21 +
Vts
Vcs
Y˜ u1,23
)
, (13)
Y = tan β − sec β√
2
√
2GF
m−1s
(
Y˜ d2,22 +
Vcd
Vcs
Y˜ d2,12 +
Vcb
Vcs
Y˜ d2,32
)
, (14)
Z = tan β − sec β√
2
√
2GF
m−1ℓ Y˜
ℓ
2,νℓℓ
(15)
(16)
where Y˜ fa,ij are the Yukawa elements as were defined in [44, 45]. The corresponding bounds
obtained via eqs. 12 for THDM-III are interesting since they show relations between Y˜ fa,ij,
β and the mass of the charged Higgs.
B. Left-right model:
As an example of a model with vector NSI as the main contribution to new physics, we will
consider SM’s extensions based on extending the SM gauge group including a gauge SU(2)R.
The original model, based on the gauge group SU(3)C×SU(2)L×SU(2)R×U(1)B−L, restores
the parity symmetry at high energies [8–12]. This SM extension has been extensively studied
in previous works (see for instance refs.[46–50]). Recent bounds on the mass of WR[27, 51–
59] have strongly constrained these models. TWIST collaboration [70, 71] found a model
independent limit on ξ to be smaller than 0.03 (taking gL = gR at muon scale) through
precision measurements of the muon decay parameters. However the presence of right-
handed currents may weaken some tensions between inclusive and exclusive determinations
of some CKM elements [60–62], so it is appropriate to explore less restrictive versions of the
LR model. Recently and ample phenomenological analysis has been done for the LR model
using B physics [63], nevertheless we shall see that current D physics can shed complementary
bounds on the free parameters of the model for a specific scenario. Here we consider the
scenario where Left-Right is not manifest, that is gL 6= gR at unification scale, with the
presence of mixing between left and right bosons through a mixing angle ξ. This LR mixing
is restricted by deviation to non-unitarity of the CKM quark mixing matrix. In case of
manifest LR model, it is well known that ξ has to be smaller than 0.005[64] and MW ′
bigger than 2.5 TeV[65]. But in the no manifest case, the constraint on MW ′ are much less
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restrictive as MW ′ could be as light as 0.3 TeV[66] and ξ can be as large as 0.02[48, 67–69].
The Lagrangian for this case, including only the vertex of interest, is given by
− LLR = gL√
2
u¯iγ
µ
[(
cξVuidjPL +
gR
gL
sξV¯
R
uidj
PR
)
W+µ
+
(
−sξVuidjPL +
gR
gL
cξV¯
R
uidj
PR
)
W ′
+
µ
]
dj
+
gL√
2
ν¯Lγ
µ
(
cξW
+
µ − sξW ′+µ
)
ℓL +H.c., (17)
where cξ = cos ξ and sξ = sin ξ and W
+, W ′+ are the mass states of gauge bosons. Likewise
V¯ Ruidj = exp
−iω V Ruidj , where ω is a CP violating phase. After integrating degrees of freedom
in a usual way, this leads to the Wilson coefficients
CV,LLscℓν = sin
2 ξ
(
M2W
M2W ′
− 1
)
Vcs (18)
CV,RLscℓν =
gL
2gR
sin(2ξ)
(
1− M
2
W
MW ′
)
V¯ Rcs (19)
Such scenarios were studied for instance in [72]. In our case, the relevant parameters are: ξ,
MW ′, gL/gRRe[V
R
cs ] and gL/gRIm[V
R
cs ]. By performing the combined analysis for all our 26
observables, by varying these four parameters at a time we found the allowed regions for ξ
and MW ′ which are shown in Fig. 8. There is only one viable restriction for the following
parameters: −71.0 < gL/gRRe[V Rcs ] < 83, while the analysis is insensitive to the imaginary
part.
C. MSSM- R:
R-Parity is a discrete symmetry defined as (−1)3B+L+2S , where B,L and S are the baryon
number, lepton number and particle spin respectively. R-Parity violating (RPV) interactions
involve either lepton number violation or baryon number violation, but not both in order
to preserve proton stability. These interactions lead to flavor violating interactions in the
leptonic and hadronic sector, and read explicitly as,
LS = λijk
[
ν˜iLekRe
j
L + e˜
j
LekRν
i
L + e˜
∗k
R(νiL)
cejL − (i↔ j)
]
+ λ′ijk
[
ν˜iLd
k
Rd
j
L + d˜
j
Ld
k
Rν
i
L + d˜
∗
k
R(ν
i
L)
cdjL − e˜iLdkRujL
− u˜jLdkReiL − d˜∗
k
R(e
i
L)
cuiL
]
+ h.c. (20)
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FIG. 8: Bounds at 68% ,90% and 95% C.L. on ξ and the mass of the W ′ boson obtained by using
D meson decays data.
A vast majority of observables have been used to set the corresponding bounds to these
effective couplings (for a complete review see [14] and references therein); in particular, for
D meson decays [73–82, 89]. We relate the corresponding Wilson coefficients constrained in
the global analysis to the RPV couplings which constructively interfere with the Standard
Model, i.e. through the exchange of a −1/3 electrically charged squark in a t-channel, which
fixes the neutrino flavor, described by,
LS = V ∗cs
∑
k |λ′i2k|2
m2˜dk∗R
(ν¯L
iscRl¯
c
RcL)
Fierz−−→ V
∗
cs
∑
k |λ′i2k|2
2m2˜dk∗R
(ν¯L
iγµliLs¯LγµcL), (21)
where a Fierz transformation is done to rearrange the former operator in terms of the product
of a leptonic and a hadronic current. The only non-vanishing Wilson coefficient is
CV,LLscℓν =
√
2Vcs/GF
∑
k
|λ′i2k|2/m2˜dk∗R (22)
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Using the conservative bounds for the model independent constraints (table III) we get the
following constraints at 95% confidence level and expressed in GeV−2:
0.05 <
∑
k
|λ′12k|2/(m2˜dk∗R /300GeV) < 0.11,∑
k
|λ′22k|2/(m2˜dk∗R /300GeV) < 0.17,∑
k
|λ′32k|2/(m2˜dk∗R /300GeV) < 0.22 (23)
Our bounds agree with those found in [79] for muon and tau flavor. Nevertheless it is
interesting to note that for the electron flavor we find more restrictive bounds. This is
taking into account the latest and more accurate values of the form factors from lattice
QCD as previously mentioned.
D. The effective leptoquark lagrangian
Leptoquark particles are scalars or vectors bosons that carry both baryon number and
lepton number [15],[16]. These new particle states are expected to exist in various extensions
of the SM. Leptoquark states usually emerge in grand unified theories (GUTs) [84–86] (as
vector) or technicolor models (as scalars) [87, 88], or SUSY models with R-parity violation
(as we saw in the previous section), but are described naturally in low energy theories as
an effective for fermion interaction of a more fundamental theory. Effective interactions
induced by leptoquark exchange can be manifest in meson decays, in particular, for the
second generation of quarks in D meson decays. A vast majority of observables have been
used to set the corresponding bounds to these effective couplings; in particular, for D meson
decays [19, 89, 90]. Leptoquarks are usually classified by their appropiate quantum numbers
under the gauge symmetries of the Standard Model, such as colour, hypercharge, and isospin
charge [16]. These particles may couple to both quark chiralities, the left handed or right
handed, in particular the scalar leptoquark S. When we rearrange the effective interactions
in order to have external quark and lepton currents we do some Fierz transformations that
lead to tensor, scalar and vector interactions, that we shall take into account in a model
dependent analysis. We will consider the exchange of the scalar leptoquarks: S0 with charge
−1/3 and (3, 1,−2/3) gauge numbers; and the S1/2 with charge 2/3 and (3, 2, 7/3) gauge
21
numbers. Hence, the effective Lagrangian for the c→ s transition (Fig.1) is given by
LLQEff = V
∗
cs

κR∗i2 κLi2
m2
S
2/3
1/2
(νiLcRl
c
iLs
c
R)
+
κ′R∗i2 κ
′L
i2
m2
S
−1/3
0
(νiLs
c
Rl
c
iLcR) +
|κ′Li2 |2
m2
S
−1/3
0
(νiLs
c
Rl
c
iRcL)

 (24)
After a Fierz transformation we have, in terms of the Wilson operators,
LLQEff =
1
2
V ∗cs



κR∗i2 κLi2
m2
S
2/3
1/2
− κ
′R∗
i2 κ
′L
i2
m2
S
−1/3
0

(νLiliRsLcR−
− 1
4
νL
iσµν liRsLσ
µνcR
)
− |κ
′L
i2 |
m2
S
−1/3
0
(
νiγµPLlisγµPLc
) (25)
Hence the only non-vanishing Wilson coefficients are CV LLscℓν , C
V LR
scℓν , C
SRR
scℓν = −4CTRRscℓν ,
given by,
CTRRscℓν =
√
2Vcs
GF

κR∗i2 κLi2
m2
S
2/3
1/2
− κ
′R∗
i2 κ
′L
i2
m2
S
−1/3
0

 (26)
CV LLscℓν = −
√
2Vcs
GF

 |κ′Li2 |
m2
S
−1/3
0

 (27)
Where the last Wilson coefficient also derives from the SUSY  R Lagrangian. In the
following we show the respective bounds as a result from our χ analysis considering the
26 observables: the leptonic and semileptonic decays of the D meson and the CLEO data
points of the q2 distribution. Notice here that we have one complex and one real independent
Wilson coefficients (as the tensor operator is proportional to the scalar operator), hence the
model dependent analysis is done varying 3 parameters at a time. At 95% C.L. and expressed
in GeV−2 these are given by:
− 0.17 < Re (κR∗i2 κLi2 − κ′R∗i2 κ′Li2) /(m2S0/300GeV) < 0.01,
−0.09 < Im (κR∗i2 κLi2 − κ′R∗i2 κ′Li2) /(m2S0/300GeV) < 0.10,
0.04 < |κ′Li2 |/(m2S0/300GeV) < 0.11 (28)
As an example we can consider the leptoquark states that couple to the second generation
of left handed quarks (chiral generation leptoquarks) and the first generation of left handed
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leptons. This means we take into account only the coefficient in Eq. (27), which also derives
from the SUSY  R effective lagrangian and corresponds to Eq. (22). Therefore the Wilson
coefficient is real and flavor dependent on the first generation of leptons, hence, we use the
model independent constraints obtained in Section (III) for flavor dependent parameters,
given in Table (III) which correspons to the first constraint in Eq. (23). The allowed region
at 95% C.L. from the semileptonic decays of the D mesons is given by:
0.05
(
m2S0
300GeV
)
< |κ′12|2 < 0.11
(
m2S0
300GeV
)
(29)
Previous bounds [27] for the second generation of left handed quarks couplking to the
first generation of left handed leptons, are reported to be κ′2 < 5.0 × (MLQ/300GeV) for
S0. As stated in the previous subsection (for the MSSM- R), for the electron flavor and the
second generation of quarks, this former constraint is more restrictive than previous bounds.
V. CONCLUSIONS
We have constrained non standard interactions using D meson decay processes. We have
combined the Ds → ℓνℓ and the semileptonic D0 → Kℓνℓ and D+ → Kℓνℓ decays, together
with the q2 distribution of the semileptonic decays for the electron channel measured by
CLEO. The theoretical BRs were computed with the latest lattice results on f+(q
2) and
f0(q
2) form factors [6]. We have found the corresponding bounds for the Wilson coefficients
that parameterize the contribution of new physics as non standard interactions. We con-
sidered two scenarios in which the New Physics models have either aligned or not aligned
physical phases with those of the SM, i.e. real or complex Wilson coefficients. Those con-
straints can be applied to some model of new physics generating scalar, vector, or tensor
operators, such as the THDM-II, Type III, the Left-Right model, MSSM- R and leptoquarks,
which we analyzed here. We show the usefulness of the model independent constraints as
well as specific cases when a model dependent analysis is needed. In our model depen-
dent analysis we found that for the THDM-II a low mass for the charged Higgs is favored,
at 90% C.L. 6.3GeV < mH+ < 63.1GeV. We showed there are no strong restrictions for
the LR model with these combined decay channels but comparable with previous bounds
[48, 66–69]. In particular for the MSSM- R, our bounds agree with those found in [79] for
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muon and tau flavor. Nevertheless it is interesting to note that for the electron flavor we
find more restrictive bounds. For the leptoquark model, taking into account the couplings
to the second generation of left handed quarks and first generation of left handed leptons
the constraints coming from D meson decays result encouraging if compared with previous
bounds [27]. This is taking into account the latest and more accurate values of the form
factors from lattice QCD as previously mentioned.
We estimated the transverse polarization and found that these model independent con-
straints obtained from the D meson decays allow a large PT , which is expected to be zero
in the SM. Hence the experimental measure of PT could be useful to constraint Wilson
coefficients involving quarks of the second generation.
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